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1.0

INTRODUCTION

This report provides an overview of the groundwater resources of
Bainbridge Township, Geauga County, Ohio and orients this informa-
ticn tc implementing a community level groundwater resource manage-
ment program. There are three primary elements to this report. The
first element describes the location and extent of groundwater re-
sources within the township, and summarizes the information base
currently available. This section discusses the availability of
water within the township, provides a groundwater contour map indi-
cating flow directions, and summarizes well depth and developed
capacity information.

The second element reviews a series of management tools developed by
NOACA for Bainbridge Township. Included is a discussion of-the use
and limitations of well 1og data, groundwater level data and the
groundwater contour maps derived from them. Also provided is an
overview of water quality data as it applies to specific pollutant
source types.

_ The final element outlines several groundwater management action
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steps which can be undertaken by the township to provide useful,
organized data and data analyses, to facilitate the ongoing local

groundwater decision process.

Since this report is intended to provide a framework for community
level groundwater management based upon the initial interpretation
of existing groundwater conditions, an attempt is made throughout to
translate groundwater principles to terms that are understandabie to
the public. The report does not provide definitive answers to ques-
tions about site specific conditions. The reader 1is cautioned,
therefore, not to make simplified generalizations which can be mis-
leading when applied to a specific site. The information herein is
provided as a starting point for answering these quest1ohs.
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‘GROUNDWATER BASELINE

Groundwater Information Sources

A considera51e volume of information exists that pertains to the
groundwater resources of B8ainbridge Township. While this informa-
tion varies in quality and applicability, the total body of informa-
tion of potential interest is formidable. The vaiue of groundwater
as a developable resource begins with the subsurface geology of the
area. A major contribution teo knowledge regarding the geologic for-
mations underiying the township is the landmark work accomplished by
Pedry (1951). Pedry's geologic map of the township has been largely
supported by wells dri]ied since its creation, and his description
of the individual formations is the best available. Thé unpublished
work of Baker (1964) further refined Pedry's findings particularly
regarding the character and extent of glacial deposits. Baker ailso
placed the geologic materials in the context of their groundwater
potential. Estrin (1978) reviewed available information and devel-
oped a groundwater aguifer map and a potential recharge rate map.
Walker (1978) has provided a detailed groundwater availability map
which, as will be discussed shortly, is considered to be the most

valid description of the location and extent of the major aquifer
systems within the township.

Banks and Feldmann (1970) compiled a series of definitive papers on
the regional geology of northeast Ohio. While this work is the most
comprehensive review of the intricacies of the individual geologic
units of the afea. its regional scope has limited specific applica-
bility to Bainbridge Township.

Ohio Department of Natural Resources, Division of Water, maintained
water well level records at the Chagrin Falls wellfield from 1949
through 1978, when the responsibility was turned over to USGS.
Level measurements from wells in surrounding areas are also included
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 Water One, a Chagrin falls based water conditioning system supplier,
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has made numerous analyses of groundwater gquality from the wells of
its clients within the township. This company has expressed a will-’
ingness to make this information available to the township.

USGS (1978) analyzed groundwater levels and water quality at several
focations within the township. In¢luded 1in this document is a
coarse groundwater cantour map. USGS (1980) also collected, but did
not fully analyze, a considerable body of information on the levels
and gquality df water in the township. This information is being in-
cluced in the program that USGS is currently undertaking throughout
Geauga County. Current work by USGS scheduled for completion in
1987, will address groundwater management issues on the county scale.

The largest single source of information regarding groundwater in
the township is the Well Logs and Driller's Reports File maintained
by ODNR's Division of Water since approximately 1950. Records of an
estimated 2,000 wé115 within the township are currently included in
this file 7€EFE§EHE1ng information of varying completeness and ac-
curacy. Well logs can provide information on well depths, geologi-
cal materials encountered in the drilling operation, and capacities
of wells to produce water. Reliable well log records, in sufficient
numbers, coupled with detailed knowledge of geologic formations un-
derlving the township. can provide the necessary framework for de-
fining the location and extent of agquifers, and the direction of
groundwater movement. In cases where the reliability of well 1o§
records is uneven, a larger number of well records must be con-
sulted. In the present study, approximately 800 records were con-
sulted. Section 3.1 of. this report will discuss well log data in
detail. - Plate 1 portrays the wells which have been located in Bain-
bridge Township. The well numbers in Plate 1 correspond to the well
rnumbers used in Appendix A. This appendix summarizes data contained
in a1l logs reviewed for this project.



2.2

Taken in total, this body of information provides a solid foundation
upon which to build a groundwater management program. Given the
volume and character of the groundwater resource information base in

w

Bainbridge Township, it is necessary tc develen process by which
that information can be organized and used to assist in site-
specific evaluations. This process 1is described 1in the elements

which follow.

Summary of Existing Conditions

Groundwater within the township 1is plentiful, widely available and
of generally good quality. It is. capable of being produced at rates
sufficient for small domestic suppljes virtually everywhere in the

township, and at much larger rates in certain limited areas. Indi-

cations are that fresh water in Bainbridge is typically found above

an elevation of 800 feet above mean sea level. This means that

fresh water depths range from at least 50 feet in the lowest lying
fast JU TE

portions of the township to more than 400 feet in the highest areas.

Geology

.In excess of 2,000 welils have been developed within the township
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since 1380, These wellc produce water from four distinct geologic

units which are considered to be hydrau]ica11y connected (water is

free to pass from one unit into another). Three of these units are
bedrock units and include the Pottsville Formation of Pennsylvanian
age, and the Cuyahoga and Berea gg;ag¥?55§_5¥_;?;;1ssippian age (see
Figure 1 for a general geslogic column of the township). Virtually
no wells are developed in the rocks of Devonian age which underiie
the Berea Formation. The fourth aquifer unit consists of unconsoli-

dated deposits of varying amounts of ciay, silt, sand and gravel
which were largely deposited in association with the glacial activ-
ity of Pieistocene age.



FIGURE 1: GENERALIZED GEQLOGIC COLUMN
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The Pottsville Formation is the most developed aquifer, and consists
of the Connoquenessing Sandstone, the Sharon Shale, Sharon Sandstone
and Sharon Conglomerate Members. This formation occurs virtually
anywhere that the surface elevation exceeds 1,100 feet, but can be
found at depths ranging as low as 900 feet on occasion. The Cuya-
hoga Formation consist predominantly of shale, with irregular inter-

beds of siltstone and occasional sandstone lenses. The top of the
formation can be high as 1,100 feet. However, pre-Pottsville ero-
sion has removed the upper part of this formation thrbughout much of
the township. This occurrence accounts for the presence of Potts-
vilie rocks in some locations at elevations less than 1,100 feet.
The Berea Sandstone 1is found at elevations varying from 900 to
830 feet within the township and forms the deepest aquifer in the
township. Wells developed in unconsolidated materials are generally
located in areas of pre—g]aciai valleys which were subsequentiy
filled following the retreat of the glacial ice. :

Aquifer Distribution

The distribution of the individual aquifer units within the township
is subject to some dispute. Two contradictory maps have been pre-
pared - one by Walker (1978) and the cther by Estrin (1978). Unless
rectified, these maps can lead to widely varying groundwater inter-
pretation in certain areas. Towards this end, Plates 2-5 were pre-
pared with the use of well log data and knowledge of the subsurface
geology of the township. Plate 2 indicates the Tlocations of the
geologic cross-sections contained in Plates 3 and 4. Plate 5 shows
the areal distribution of the developed aquifer, where such a deter-
mination could be made from the well log and cross-section data.

The cross-sections in Plates 3 and 4 indicate the formational con-
tacts among the Pottsville, Cuyahoga, and Berea Formations. Under
each well log plot, the primary aquifer is identified. Agreement or
disagreement of the Walker and Estrin maps 1is also indicated.



Aha]ysis of this information shows that Walker is in agreement with
the well log data 79 percent of the time while Estrin is in agreé—
ment only 52 percent of the time. Comparison of the aquifer identi-
fications in Plate 5 to the Walker map, further strengthens the con-
clusion that the Walker map is much more representative of aquifer
extents in the township.

0f the we]] logs 1nvest1gated in the present study, 56 percent were
served by the Pottsville Formation, 21 percent by the Cuyahoga For-
mation, 12 percent by unconsolidated deposits, and 11 percent by the

Berea Formation.

Water is available at comparatively shallow depths within the town-

ship as shown in Table 1. The wells developed into the Berea Forma-
tion tend to be the deepest with most wells exceeding 100 feet 1in
depth, and 30 percent exceeding 150 feet. The Pottsville Formation
wells tend to be the shallowest, with no wells exceeding 150 feet in
depth. Plate & shows the area) distribution of weii depths in the

township.
Table 1: Distribution of Aguifer we“ Denthsg
Percent of Wells by Depth Range (in feet)
! Number
Aguifer 0-50 50-100  100-150 150-200 >200  of Wells
Berea 0 12 47 14 16 49
Formation
Pottsville 15 68 17 0 0 222
Formation
Cuyahoga 16 46 29 5 4 104
Formation
Valley 21 42 25 1 2 62
Deposits
A1l Wells 14 53 24 5 3 437
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Groundwater Quantity and Quality

Well log pump tests may be less than ideal as a means of quantifying
groundwater yields. The specific limitations of these tests will be

n

" discussed in more detail in Section 3.1, but they generally include,
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(1) the lack of standardized procedures, (2) the driller's principal
interest in determining the suitability of the well for its intended
purpose and not in determining maximum yield, and (3) the lack of
the means to determine any adverse effects on nearby wells. In
spite of these limitations, a distributional analysis of well log
pump tests can be informative.

Table 2 portrays the results of such an analysis for 382 wells where
sufficiently complete information was available regarding the pump
test, and where the aquifer type could be determined. Plate 7 indi-
cates the map locational distribution of these values.

Table 2: Percentage Distribution of Aquifer Yields

Percent of Weils Producing Greater Than

Number

Aquifer 5 GPM 10 GPM 20 _GPM of Wells

Berea 100 62 7 42
Formation

Pottsville 95 56 9 204
Formation

Cuyahoga 79 48 4 47
Formation :

Valley 81 43 22 -89
Deposits

A1l Wells 9] 54 _ : 9 _ 382

This analysis indicates that 91 percent of the developed wells in
the township can easily produce enough water for an individual
household. The areas most at risk in terms of not being able to de-
velop a sufficient water supplv, are those which must tap rocks of
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the Cuyahoga Formation or the valley fill deposits. The Berea and
Pottsville Formations are very reliable sources of domestic water
supply. Whereas a Targe percentage of valley fill deposits may pro-
Eazgim1n1ma1 water supplies, 22 percent of wells located in these

deposits are capable of producing very large supplies.

Examination of the voiume of water produced per one foot of aquifek
drawdown provides additional insight into aquifer behavior. Table 3
contains a summary of the distribution of the values calculated by -
dﬁviding the total gallons of water pumped by the drawdown recorded
during the well log pump tests.

Table 3: Percentage Distribution of Groundwater
Yield per Foot of Drawdown

Percent of Wells Producing More Than

Aquifer 500 gqal/ft 100 gal/ft 40 qal/ft 20 gqal/ft

Berea 17 27 34 7
Formation

Pottsviiie H) 42 74 89

- Formation

Cuyahoga 8 24 39 63
Formation

Valley 19 49 71 84
Deposits :

80

AT1 Wells 14 | 37 61

A large percentage of the wells developed in fhe Pottsville Forma-
tion and in the valley deposits yield large amounts of water with
minimal drawdown. The Berea and Cuyahoga Formations generally re-
sult in much larger drawdowns in order to supply an equivalent
amount of water. This increases the chances that a given well in
these formations can adversely affect surrounding wells.
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The best estimate of the average annual groundwater recharge rate
that exists is that reported by USGS (1978). This rate is three to
seven inches per year or 200 to 500 galions per acre per day. This
recharge rate compares to an estimated residential demand of ap-
proximately 250 gallons per household unit.

Readily available data on the quality of the groundwater within the
township is scarce. The background quality of the township's aqui-
fers indicates the water to be of a calcium-magnesium-bicarbonate
type with some local differences showing a sodium-potassium-bicar-
bonate water. 1Iron and manganese concentrations are often elevated,
but generally within drinking quality standards. The water is rated
as very hard (total hardness greater than 150 mg/1).

-10-
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GROUNDWATER DATA ORGANIZATION AND ust

gvaluation of "Well Log and Driliing Repports®

"Well Log and Drilling Reports", commonly referred to as simply well
logs, are prepared by well driilers when completing a well. The
Togs are filed with ODNR Division of Water, and since 1978 with the

PR RS

SR A
Geauga County Health Department. Within limits, these well logs

provide the most comprehensive and most useful information available
regarding = local subsurface geology and aquifer attributes. The
typical well driller is expert in driiling and finishing wells for
water supply. He often relies on personal experience as a guide for
locating wells ahd determining the appropriate depth to drill. Some
problems with the use of well logs for interpretive purposes are
encountered due fo the fact that many well drillers lack forma)l
geologic education. Problems include the lack of a consistent ter-
minology to describe and identify geologic units, and the incom-
pleteness or questionable accuracy of observations made relative to
pump tests and water level measurements. Whereas considerabie
caution must be employed in interpretations based on a small number
of logs, large numbers taken as a body can be quite useful.

The single largest limitation affecting the usefulness of well logs
is the lack of information specifying locations of the wells. O©Of
the more than 800 logs reviewed for this project, not more than_500

could be located to the individual property level. None could be
precisely Jocated. Even with this limitation, locating 500 wells to
the individual property level is a very useful body of information.

A second limitation in the use of well logs is the lack of con-
sistent terminology and the occasional misidentification of geologic
units. - A geologist with knowledge of the local stratigraphy can
usually interpret the 1logs .and reliably didentify the formations
being described. Even then, a large number of logs may be needed to
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discern a pattern. As long as a generalized geologic column is used
for reference with the well log descriptions, few cases occur where
the units described cannot be identified. The geclogic units used
in the evaluation of Béinbridge Township are limited to the follow-
ing: unconsolidated deposits, the Pottsville Formation, the Cuya-
hoga Formation, the Berea Formation, and Devenian shales. Within
this framework of gnits, the following cautionary notes are in order.

1. Some drillers will identify stratigraphically higher elevated
members of the Pottsville Formation as being the Sharon Sand-
stone. Most specific references to the Sharon should be con-
sidered as being some member of the Pottsville.

2. The Sharon Shale is a variable thickness unit of irregular
extent. It Ties between the Sharon and Connoquenessing Sand-
stones of the Pottsville Formation. When found, this shale is
usually encountered at elevations of 1150-1200 feet. A driller
will occasionally consider this shale to be the Cuyahoga Forma-
tion and will miStakenTy labei the underiyihg Sharon Sandstone
as the Berea Sandstone. Within the Cuyahoga Formation, a sand-
stone lens will be occasionally encountered which attains \
20 feet in thickness. This lens, which is usually the Aurora
Sandstone, may also be mistaken for the Berea. Elevation i< the
key to identifying the .Berea Forhatibn. Any sandstone en-
countered below an elevation of 900 feet in the township can
safely be considered to be the Berea. Sandstones above 900 feet
will not be the Berea, but will be of the Pottsville or Cuyahoga
Formations.

3. Once bedrock is actuaT1y encountered, only bedrock -will be found
below it. Descriptions of sand and gravel or clay lenses below
rock units indicate one of two things: either a soft sandstone
or shale has been encountered and the rock has disintegrated

prior to reaching the surface, or the driller encountered

0344E -12-
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boulders mixed in the unconsolidated materials, and has mistaken
these rocks as bedrock. Nearby well logs can usually differen-
tiate these occurrences.

‘Siltstone, a rock unit of a grain size intermediate between

sandstone and shaie, is a term which is not commoniy used in the

I

3

well Jogs reviewed. Tne Cuyahoga rormation consists prede

PO

nantly of shale with thin, irregular siltstone interbeds. The

term "sandy shale" usually refers to these beds. A driller may

occasionally refer to them as "slate". Slate is a metamorphic
rock which is not found anywhere in the township at the depths
under consideration.

The Sunbury Shale is usually found lying immediately above the
Berea Sandstone. This shale ranges from 6~8 feet in thickness
and is a characteristic black in color. This contrasts with the
blue-gray shales of higher numbers of the Cuyahoga Group. Where
black shale is noted on well logs, the underlying sandstone can

2 Tyvs = < 2 £2 A ~ 3
confidently be identified as teing the Berea.

The term "pebble rock" almost always refers to the Sharon con-

‘glomerate. (A conglomerate is a sandstone unit which contains a

large amount of pebbles.) There are local cases where lower
units may contain pebbles, and can be misidentified as the
Sharon. In this case, surrounding well logs are the Key To pro-
per identification of "“pebble rock" units. The reference to
gravel layers below sandstone bedrock usually refers to the en-
countering of a conglomerate lens.

“Hardpan® is a term used to describe dense clay till 1layers
usually containing pebbles. "Gumbo" refers to an unconsolidated
material deposit which has a mixture of grain-sizes. Usually 1f
describes the stony till layers that other drillers call hardpan.

-13-
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Pump Tests

well drillers generally, but not always, perfcrm a pump test to de-
termine adequacy of a new well. This test involves pumping water
from a well at a constant rate for a specified time period, and
measuring the drop in water level before and after pumping. The
driller attempts to determine the proper size of the pump to be in-
stalled in the well with the use of this test. The objective is to
pump at a rate which will not cause a temporary de-watering of the
well, and yet provide an adequate water supply for the intended use
of the well.

Well drillers do not use a standardized procedure when performing
pump tests. This causes a wide variation in results, and may cause
inaccurate or faulty measurements. The duration of pumping can be
of paramount importance to results achieved. Short duration tests
can lead to an overestimation of the extended capacity of a well. A
six inch wide well can hold approximately 1.5 gallons for every foot
below the water table. If the pump test is not conducted iong
enough fo pump out the standing water column, little can be said

about the overal) capacity of the aquifer involved.

The measurement by some drillers of the drawdown realized during the
pump test appears to be unreliable. The driller‘'s misuse of pump

test readings can be due to any of the following reasons:

- he has failed to subtract the beginning static water level from
the depth-to-water at the end of the test;

- he has equated pumping rate with drawdown;
- he has tested the post-test water level after too long a time

period, thereby allowing water levels to recover, which leads to
an underestimate of the drawdown;
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- he has not adeguately monitored the pumping rate to ensure pump-
age at the expected rate, thereby resulting in a higher yieid
determinaticn than is actually the case.

Another factor which leads to a misinterpretation of pump test data

‘is that the driller is most interested in developing a well which

will meet his ciient's needs. Therefore, the pump test is usually

1 Pu
run at a pumping rate that is at or siightiy higher than the rate

o

~ that water must be supplied to meet these needs. This means that
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the determined “developed capacity" represents a lower 1imit of the
potantial capacity of the aquifer. When evaluating surrounding
weiis for the potential capacity at a projected well site, this
limitation must be borne in mind. Yields higher than those pre-
viously developed may, in fact, be available.

The final limitation regarding driller performed pump tests may be
the most serious from a management standpoint. These do not typi-
cally provide information as to adverse effects on nearby wells from
the estabiished pumping rate. A pump test performed by a greund¥
water hydrologist, on the other hand, typically involves monitoring
water effects in a nearby well or wells, and often involves monitor-
ing the recovery rate in both the test well and surrounding wells as
well. It is only when such information is developed, that pumping
rates which will protect surrbunding wells can be determined.

Static Water Levels

The static water level measurement is intended to provide an indica-
tion of the elevation of the water table when not influenced by
pumping. As will be discussed in the following section, this infor-
mation is useful for determining groundwater level fluctuations and
movement directions. One can never be sure.that the réported static
level is not inf]uenced by pumping at nearby wells. Thus, the re-
ported static level should be assumed to be the lower Timit of the

-15-



true value. .Further limitations in use of this measurement relate
to natural groundwater level fluctuation which dis discussed in

Section 3.2.

Well Log Data Management Applications

in summary, no other source of grounawa
tially useful as the data provided by "Well Logs and Drillings Re-
ports". However, until such time that descriptions and procedures
used become standérdized by those completing these reports, they
must: be interpreted with caution. Confidence in interpretation is
increased when a large number of well logs are available for use.
At the same time, & non-conforming well log should not be dismissed
out of hand, because it may, in fact, represent local variations in
the subsurface geology or hydroiogy.

To help insure optimal use of well log information, all logs which
are available to the township should be acquired, interpreted at
‘i

east in a p rYy way, and crated intc the groundwater
data base. It must be emphasized that, whereas generalized inter-
pretations of groundwater conditions may be valid on a township
scale, individual site analvses reguire access to the information
contained in specific well logs. Map plots of various kinds of site
specific information contained in the logs can be very useful in the
identification or evaiuation of groundwater conditions at a seiect

site. These conditions incliude:

‘- The aquifer or aquifers likely to be encountered when drilling,

0344t

and the depth below ground surface where they will be found;

- The likely depth to which a well must be drilled to provide for
an adequate water ‘supply. This will help insure that a well is
drilled deep enough to provide a steady water supply, and is not
drilled to an unnecessary depth, which wdu1d increase development

-16-
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daed raturn, This target depth, coupied with
knowledge of materials to be drilled through, can assist land-
owners in estimating well development costs.

- A determination of the likely yield to be developed. This helps

+

& minimize risks of developing a supply insufficient to meet

-

reqguirements.

Groundwater Levels Data

The term "groundwater level" refers to the elevation at a given
location below which all pore spaces in- the geologic materials
present are saturated with water. This point is kncwn as the water
table surface elevation or more simply as the water table. In map
view the water table confcrms to a subdued version of the surface
contours with elevation typically being highest under hills and
lowest in stream valleys. In the climate of northeast Ohio where
precipitation exceeds 46 per year on an average, the water table
will be coincident with both the surface of streams which are free
flowing year round and the surface of most lakes and ponds. Beneath
the highest hiiis in the township, the water table may lie as much
as 50-100 feet below the surface.

Defining the groundwater level is important for two reasons. First,
the depth to water measurement is a orimary factor in determining
how deep wells must be drilled to secure and maintain a steady water
supply. Second, the contour of the water table determines ground-
water flow directions and has a large influence on how pollutants
introduced into the ground will migrate. '

Whereas the general form of the water table contour is generally
controlled by the surface relief, water table height or depth is
also affected by seasonal, climatic, and man-induced factors. More-
over, water table contours are not static but are constantly

-17-



‘water table elevation are comparatively sma
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changing in response to external stresses. Seasonal fluctuations in

17, on the order of
10 feet or less over the course of 2 year, The water table is
generally hignest in the late winter and spring when groundwaier is
heavily recharged by snow melt and the spring rains. It is Jowest
during dry summer periods when precipitation, and concomitantly, re-
charge rates are lowest, and vegetation water demands and evapora-

tion rates are highest.

Climatic fluctuations are much more pronounced than annual (or sea-
scnal) fluctuatiens. They range from as much as 40-50 feet at the

Chegrin _Falls_well field in northwest Bainbridge Township. Extended

periods of low infiltration associated with dry years cause an over-
all lowering of groundwater levels. On the other hand, wet periods
are associated with high water levels.

Man-induced fluctuations are predominantly caused by pumping at well
sites. As water is pumped out of a well the surrounding area is de-
watered and the local groundwater level decreases. This decrease is
additive. This means- that pumping from one well diminishes the
water available to nearby wells producing from the same aquifer.
The amount of decrease realized is a function of the pumping rate,
the relative rate of water movement in tne surrounding earth_maté—
rials, and the magnitude of effects at the other nearby pumping
wells., The absoiute magnitude of fluctuations induced by pumping is
1imited only by the depth of a water well. At some locations in the
township this might result in a potential drop in the water surface
in excess of 200 feet. It should be noted that water levels do tend
to be restored after pumping has ceased. The net drop in local
levels is a balance between the amount of water pumped out and the
rate that supplies are naturally replenished. '
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Diraction of Groundwater Flow

Groundwater moves in response to pressure differentials which exist
in the ground. Direction of movement is from high areas (high pres-
sure) to low areas (low pressure). Thus in Bainbridge Township the
general trend of groundwater mqygmgnghjé from the east to the west.
Local flow direct{agé,“however, can be {ﬁ_ﬁﬁrtua11y any-dﬁ}ézégon
depending on the location of low areas in the groundwater surface
contours. A groundwater contour map is the means by which 1local
flow directions can be determined. Such a map has been prepared for
Bainbridge Township using information developed by the USGS, in
association with the adjusted static water levels reported on avail-
able well logs. (See Plate 8). This map is valid for inferring
medium to large scale effects. However, heavy pumping at one or
more wells can alter local levels to the extent that the local
groundwater flow direction (small scale effects) is altered to re-
flect migration to the well(s).

Adiustments to Reported Level Data

The static levels reported on well logs can be useful in establish-
ing groundwater contours, and for identifying areas where water
supply development has resulted in a lowering of the water tabie.

- The primary limitation in the use of this data stems from the fact

that the wells have been developed over a 25-year period and during
all seasons of the year. Thus, the one-time measurement at a given
well will be influenced by seasonal, climatic, and possibly, man-
induced f1ﬁctuations. A tab]é (see Appendix B) has been prepared
whereby a water level determination during a given month and year
can be adjusted to represent the long-terms average condition, by
factoring out the seasonal and climatic factors. This table was
constructed with the use of the 1gﬂg—term water level records avail-

able for the Village of Chagrin_Falls_well field located in_the

northwest corner of the township. It should be recognized that

0344¢E
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these factors are approximate cecause water levelc may vary at lower
or greater rates in portions of the township that are removed from

the recording well.

Groundwater Management

The foregoing is a discussion of groundwater levels, fluctuations in
those levels, and movement of water in response to the Jjevels. This
discussion must be now considered in terms of groundwater manage-
ment. As previously noted, groundwater levels are dynamic and are
conctantiy changing. Therefore, a groundwater contour map depicts
conditions at one particular point in time. It is, therefore, not a
tool to be used with impunity. A basic understanding of the limita-
tions inherent in interpreting groundwater effects will make this
tcol more useful. First of all, areas of high water elevations are
generally more susceptible to change than are areas of low eleva-
tions. Second, areas near a groundwater divide are likewise more
susceptible to change than areas removed from it. Third, the analy-
sis of long-term effects of a given chahge is less susceptible to
error than are short-term effects.

A groundwater manager should have confidence that the overall view
at the township level of the groundwater contour map is not likely
to change significantly over time. Therefore, only periodic moni-

toring of water leve

‘this map current. Management focus should be directed to existing

0344E

or potential "hot" spots where over-development of an aquifer may
result in an adverse lowering of the water table or where pollutant
contamination is a potential or actual concern.

A development proposal can be evaluated for potential impacts on
surrounding lands with use of the.groundwater contour map. This is
true whether the proposal deals with a housing complex, o0i1 and gas
well fields, chemical waste storage facilities, or lany similar
development. '
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An evaiuation should dnclude an analysis of those areas which Tiie
both hydraulically downslope from the proposal area and upslope of
local groundwater discharge areas represented by perennial streams.
It is these areas which are most susceptible to deieterious impacts
from a development. Potential for impacts -will be highest when the
area is already highly developed and lowest when little groundwater

use is currently realized.

Groundwater Quality Data and Analyses

There are at least four important uses of groundwatér gquality data
for community level groundwater management: 1) insuring the exis-
tence of safe, potable water supplies; 2) documenting background
levels so as to definitely identify man-induced changes; 3) tracing
pollutants back to their source, and 4) providing long-term main-
tenance of a potable supply. '

These four data uses generally represent a decreasing scale of sam-
pling 1intensity. The determination of the safeness of existing
water quality typically involves analysis of a large number of
samples for a wide variety of parameters. The basis of the sample
design is that 1little is known about the quality of individqa]
wells, and fhere is some uncertainty as to the presence of unknown
pollution sources. The documentation of background water quality
Teveis is necessary in the vicinity of evicting or proposed poten-
tial pollution sources. The list of chemical parameters that need
to be analyzed can be limited to those associated with possible
sources.

Sampling designed to trace contamination back to the source wouid
need to be undertaken only when a pollution problem is discovered.
In this case, parameters would be restricted to those in violation
of drinking water standards and, possibly, include those capable of
“fingerprinting” the specific source. Maintenance monitoring would
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generally be undertaken after ail other sampling had been accom-
plished and after ail potential source areas had been identified.
The sampling network can be limited to stations below concentrations
of potential sources, and inciude rotating stations eisewhere.
Parameters can also be limited to those found to be problematic

during earlier surveys.
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Elements 2.0 and 3.0 above provide a community level groundwater re~
sources management baseline for Bainbridge Township. In order for a
groundwater management program to be effective, a series of ongoing
activities should be begun and continued on an ongoing basis. These
activities are summarized in the present secticn in the form of

recommendations.

The recommendations can be largely carried out by township per-
sonnel. Each activity consists of three basic phases: 1) data
collection, 2) data reduction énd presentation, and 3) data inter-
pretation. Resource limitations preclude the completion of all
recommended activities at ail possibie sites. The recommendations
recognize this limitation and are, therefore, structured to provide
information only as needed to make a groundwater decision. It must
be emphasized that the township cannot proceed with an effective
management program without Timited professional geotechnical assist-
ance. The programs outlined below minimize occasions when such
assistance would be required. A1l procedures suggested employ stah—
dardized information with predefined inherent strengths and iimita-
tions. The recommendations maximize use of available relevant
information in a given analysis. With the implementation of this
program, groundwater decisions would be based upon best available
dat2. Recommendations are summarized in Table 4 below.

RELOCATE ALL WELLS ON THE TWO-~FOOT CONTOUR MAPS AVAILABLE FROM THE
GEAUGA COUNTY ENGINEERS OFFICE. EXACT WELL LOCATIONS SHOULD BE
DETERMINED BY FIELD SURVEYS OR WITH LANDOWNER ASSISTANCE.

OBJECTIVE: to maximize the information base available by estab-
1ishing the proper orientation of wells and their relative surface
elevations. This enhances water level analyses, aquifer identifi-
cation, and multiple well interrelationships.
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METHODCLOGY: the location of wells requires simple map reading

1s and familiarity with topographic map elevation determina-
tion. Well elevations determined to within two feet of actual
elevations are generally adequate.

PERSONNEL REQUIRED:  this activity requires limited professional

-assistance at the outset but after that can be accomplished by

township employees and resident participation. Well locations can
be established by township personnel when visiting & property for
some other purpose. Also residents can provide information when
they visit the townhall for normal social, business or civil ﬁur—
poses. Map booths could be set up at schoo] events or c¢ther com-
munity affairs. Local well driliers may be willing to assist in
Tocating wells or in identifying proper well log assignments.

TIMING: new wells should be located immediately as should any
wells to be included in a monitoring network (see Recommenda-
tions 2 and 4). Priority should be given to locating wells where
an existing or suspected groundwater problem exists, and to areas
surrounding proposed or potential development sites. As the in-
formation base becomes enlarged, focus should shift to areas with
a lower density of information and to areas near aquifer divides.
Short-term emphasis can be placed in areas of conflicting data or
highly variable conditions.

NECESSARY RESOQURCES: This activity includes the costs of two-foot

contour maps.

SPECIAL CONSIDERATIONS: located wells should be paired with the
appropriate well logs. Thus, the township should secure previous-

ly unsecured well logs from ODNR. As Tlocated well logs become
available, they should be added to the inventory of information
contained in Appendix A.
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INITIATE A WATER WELL LEVEL MONITOQRING PROGRAM,

OBJECTIVE: water well level data are used io establish local flow
directions and to monitor water table fluctuations, inciuding
those caused by over-deve]opment.of an aquifer. Reliable informa-
tion about well levels can assist in identifying safe yields, and
help to promote water -conservation during times of diminished
recharge. '

METHODOLOGY: the measurement of the static level in a well is a
relatively straightforward procedure. The first step is to estab-
Tish a common reference or measurement point, such as the top of
the well casing, and to relate this point to a'ground surface ele-
vation. It then remains to determine the distance from this point
to the groundwater surfacé. various techniques are available for
measuring the depth  to water in a well casing including the use of
float gauges, conductivity meters, and chalked lines or measuring
tapes. '

Multiple water level measurements are most useful when they are
taken at a singie point in time or c]ose1y approximate this. At-
tempts to minimize any effects from pumping ih the test well or in
nearby wells further add to the re]iabi11ty of the data. Since
water usage 1is generally minimal overnight in private residences,

garly morning measurement of water levels mav he hest., Weeklv or

monthly measurements are generally adequate for most purposes.

PERSONNEL REQUIRED: most 1level measurements can be made by co-
operative township residents. Community participation allows for

a large number of simultaneous measurements. At the same time it
increases public awareness of groundwater resource issues and
helps to promote support for an ongoing groundwater management
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nrogram. Township personnel wouid be needed to provide super-
vision and training assistance, and to record and compile measure-
ments that are made. Township personnel could also provide qual-
jty assurance oversight and may be needed to perform pericdic
monitoring in response to a specialized evaluation need.

The opening of well caps for this type of monitoring must be co-
ordinated with the Geauga County Health Department to prevent well-

contamination.

NFCESSARY RESQURCES: reliance on community volunteers for water

Jevel measurements can greatly reduce costs associated with this
activity. Measurement tools such as measurement tapes and float
gauges are generally available and would, therefore, bear little
cost to the program. The township would need to devote the time
of some personnel to training and supervision. Data recording may

-be performed inhouse as well. Time required may be expected to

average several person hours a week over the long-term. Data
analysis costs would vary depending on the sophistication of the
monitoring program. Early in the program, professional assistance
is necessary to refine data analysis techniques and procedures.
After the program is under way, professional assistance would be
Timited to responding to specific problems or issues which migﬁt
arise. Should such assistance be needed, the existence of a good
water level data base will greatly facilitate problem evaluation,
thereby reducing its cost.

SPECIAL CONSIDERATIONS: a concerted effort to collect and analyze
water level data offers the township a wide ranging set of bene-

fits. While local varjiations always exist, conditions encountered
in developed areas of the township cén be used to guide the as-
sessment of impacts on undeveloped sections having similar aquifer
characteristics. A well defined groundwater flow map can be in-
strumental in defining zones of impact from over-development of
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the aquifer system or from pollution episodes. Should a major
groundwater pollution event occur, detailed knowiedge of ground-
water flow directions is immensely important to successfully con-
taining and removing the polluted water.

Wells to be included in the monitoring network should of necessity
be accessible and not have obstructions that prevent the determi-

. nation of the water level. As a genera] ru1e, the more wells that

are included in the network, the better the data that will be
generated. In highly developed areas, only representative wells
neec to be monitored. In areas.of'high gfoundwater relief, fewer
wells may be required than in areas of Tow relief. As distance
from aquifer divides increases, monitoring We]] dens{ty can
decrease. o

An annual review of the grbundwater contour map may be desirable.
It is recommended that this review be based upon the month with
the lowest groundwater levels.

INVENTORY POTENTIAL POLLUTION SOURCES IN THE TOWNSHIP

QBJECTIVE: to identify potential pollution producing sites and to
establish priority pollutants in various 1locales. Knowing what
xind of potentiai poiiutants exist and where scurces are located
is crucia] in establishing targeted monitoring and management pro-
grams. It also helps dinsure that water quality tests analyze
groundwater samples for pertinent chemicals, while avoiding the
unnecessary expense of testing for exotic chemicals that are un-
likely to be found in the water. Such an inventory can save time
and expense in isolating and correcting a -problem when pollutants
are found in the water supply at any well.

METHODOLOGY: possible pollution sources include industrial sites,

chemical or waste storage sites, waste treatment faciiities, gas
stations and octher storage tanks, injection wells, gas and oil
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wells and brine storage pits, pesticide application or storage
sites, salt piles and roadway de-icing application sites, areas of
home heating fuel oi1 use, and other similar sources.

A1l scurce sites need to be map-located preferably on the same
scale as the groundwater flow direction map. While the loccation
of most potential pollutant sources are probably known to indivi-
duals in the township zoning and fire departments, accurate loca-
tions 1in times of emergency or when evaluating water quality
conditions is mandatory.

Overlap or interaction of several potential pollutant sources can
also be beneficial in maximizing the utility of quality monitoring
programs by identifying priority areas of concern.

Questionnaires sent to local industries could identify the type
and volume of chemicals used or stored on site. If not already
known, gas station operators should be contacted to determine the
type and quantity of fuel oils stored on site. They should also
be able to supply information on the type and frequency of storage
tank integrity testing performed at their stations. The parent
o1l companies could be contacted to determine fingerprint chemi-
cals in their products so that spill response testing can differ-

3 ad 1
gntiate materials z¢ to likely source,

PERSONNEL REQUIRED: township personnel <c¢ould be the primary
source of information regarding potential pollution sites. Devel-

oping information on potentially hazardous materials locations and
on gas and o011 well locations is integral to this task. The Oe-

partment of Agriculture can provide information on pesticide use
areas.

NECESSARY RESQURCES: costs could be limited for the most part to
township personnel time necessary to collect, organize and plot
this information on maps.
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INSTITUTE A GROUNDWATER QUALITY MONITORING AND ASSESSMENT PROGRAM

OBJECTIVE: | the primary objective of quality monitoring is to
identify the potability of the water supply.” A secondary objec-
tive is to provide documented background levels of various. chemi-.
cals to be used tc defend the ddentification of any future pollu-

tion enisodes.

METHODOLOGY: .the first step in this program is to secure al]
groundwater quality dinformation currently available. Primary
scurces of this information include the Geauga County Health De-
partment, the Ohio Environmental Protection Agency, the United
States Geological Survey, public and semi-public water supply
operators, water conditioning companies operating in the township,
local industries (who may have conducted special analyses to de-
termine suitability of the water supply for production purposes),
and private well owners. A1l of the above parties should be re-
quested to supply copies of any future testing data.

The second step is to establish a water quality screening network

whereby samples are collected and sent to certified drinking water
supply testing laboratory. These laboratories test for character-
istic chemical species which provide an indication of possible
contamination or pollution. Priorities for township initiated

©

14ng should focus on the following: (1) areas of suyspected
problems; (2) concentrations of potential pollution sources;

(3) concentrations of water use; (4) sampling of each of the four

major aquifer systems (for background documentation); and

(5) areas of high recharge or infiltration rates.

The third step is to establish a program to collect, preserve, and
store water samples in areas potentially subject to heavy metal
contamination. This dincludes, specifically, 1industrial sites,
chemical disposal and storage sites, gas and oil wells, brine pits
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and disposal areas, fuel oil1 storage locations, and deep well
sites. These sampies can be held for uﬁ to one -year prier to
analysis. Should a suspected problem arise, these samples can
document earlier conditions, particularly if taken up-gradient and
down-gradient from the suspected source.

PERSONNEL REQUIRED: the 1level of expertise invoived in water
quality monitoring varies with the intended use of the data and
the sensitivity of the analysis. Screening and background docu-

mentation testing requires minimal training. Samples required to
dccument a pollution episode which are 1likely to be used in a
ccurt action should, however, be collected by professionals in
accordance with an approved quality assurance plan. '

NECESSARY RESQURCES: water quality screening tests are available
from a number of Tlaboratories for approximately $50/sample.
Bacterial contamination scans are avajlable locally for
$6-15/sample. Heavy metal analyses can run as much as $200/sample.

ORGANIZE A COMPUTER DATA BASE Of GROUNDWATER INFORMATION

OBJECTIVE: to make all applicable groundwater data readily avail-
able when needed. This insures tnat aii avaiiabie data are in-
cluded in a groundwater evaluation, and reduces the time and ex-
panse of conducting such evaluations.

METHODOLOGY: 1t is necessary to key computer based information to

- map locations. Superimposing a grid cell system over a township

map may be the best way to accomplish this. A 200 x 250 foot grid
is suggested.* Well Jocations could be numbered by cell coordi-
nates allowing for easy map location and compdter file access.
Potential polilution sources and water quality data can be keyed to
this grid as well.
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PERSONNEL REQUIRED: the township will .require professional as-
sistance to define and construct the data base and the software
necessary to operate it. A data base manager would need to be ap-~

pointed and trained ¢oc use the system.

NECESSARY RESOURCES: the initial creation of the data base may
require two to three weeks of data entry time, assuming that in-
formation from 2,000 wells.was available for inclusion. Future

requirements would be l1imited to entering new well data or other
data, and the preparation of summary reports as needed.

This cell size corresponds to the typical size of a computer printer
character if a base map at the 1:24000 scale is used. This 1s the
scale of the USGS quadrangle maps. Use of this scale can allow the
generation of computer assisted maps.
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TABLE 4

SUMMARY OF RECOMMENDATIONS

Task
Train township personnei in weil
Jocation and well log interpretation

procedures.

Refine well locations and plot on
topographic maps.

Correct, update and expand well
Tog data base.

Train township personnel and
residents in static level measure-
ment procedures.

Conduct measurements.

Validate and compile data.
Review groundwater contour map.

Inventory and locate potential
groundwater contamination sources
on topographic maps.

Survey local industries regarding
type and vo]umes of chemicals

~in use.

Identify targeted water quality
monitoring locations and
parameters of concern.

Scale and
Frequency

One Lraining
sessicn

Potential of
2,000 existing
wells

Ongoing

One training
session

Monthly with
an inftial
target of 50
wells

Estimated
ohe-person
day/month

Annually at
one to two
weeks/year

Estimated Ttwo

" weeks to

establish

Estimated one
week

Estimated two
days

Resources

sicnal
ance

ofes
sistar

Pr
As

Township
Personnel

Data Manager

Professional
Assistance

Residents
with township
assistance

Data Manager
Data Manager

Townsnip
Personnel

Township
Personnel

Professional
Assistance
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TABLE 4

SUMMARY OF RECOMMENDATIONS

(Cont.)

Task

Compile available groundwater

quality data.

Establish water quality screening
network (based upon 3(C) results
above.

Implement monitoring program.
Train township personnel in
procedures to maintain monitoring
program,

Establish computerized groundwater
data base.

Train township personnel in use and
maintenance of svstem.

Operate and maintain data base
system.

.Scale and

Freaquency

Fctimated two
weeks

To be developed

Estimated one
week

One training
session

On-going

Resources

Data Manager
with Professional
Assistance

To be developed

Professional
Assistance

Professional
Assistance

Data Manager -



BIBLIOGRAPHY

------

Baker, J. (1964). Geology and grouncwater resocurces of Geauga County.
U.S. Geological Survey, Unpublished open file report.

Banks, P.0. and Feldmann, R.M., Editors (1970). Guide to the Geology of
Northeastern Ohio. Northern Ohio Geological Society.

Estrin, S.A. (1978). Bainbridge Tcwnship Guide Plan 2000. Stephen A.
Estrin, Inc. Planners, Carmel, New York.

Pedry, J. J. (1951). The Geology of Chagrin Falls Township, Cuyahoga
County and Bainbridge Township, Geauga County, Ohio. Unpublished
- master's thesis, The Ohjo State University, Columbus, Ohio.

U.S. Geclcgical Survey (1978). Groundwater 1evels'and chemical quality
in Geauga County, Ohlo. U.S.G.S. Water-Resources Investigation 80-28,
Columbus, Ohio.

—_—— (1980). Groundwater Levels and Chemical Quality in Geauga
County, Ohio. Unpublished data, Columbus, Ohio.

Walker, A.C. (1978). Groundwater Resources of Geauga County. Ohio
Department of Natural Resources Division of Water, Columbus, Ohio.

0344t



APPENDIX A

SUMMARY OF WELL LOG DATA



 well | weli static static o aduifér “surface tesf test draw- gqal/

number fog no. elevation level height well type formation rate duration down oot contacts
1 261505 1205 28 1177 93 p p 20 1 40 30
2 301009 1205 30 1175 82 p p 16 1 70 14
3 411759 1205 36 1169 92 p p 20 1.5 9 20
4 638372 1115 33 1082 121 E p 15 1 88 10 . :
5 327904 1170 38 1132 320 p 25 . 24 182 198 gc:llOl ¢b:902 bd:856
6 167967 NA 20 NA 112 p p 3 2 92 4
7 235943 NA 25 NA 60 p P 10 2 5 240 7
8 235945 NA 50 NA 100 c c NA NA
9 232704 1200 40 1160 80 P p 10 1 15 40
10 35 1165 28 1137 65 p p 12 -1 80 ?
11 235940 NA 25 NA 73 [ [ 16 1- 33 29
12 298046 NA ‘NA 100 P p 25 0.5 25 30
13 3209 NA 40 NA 115 c c 12 4 40 72
14 167981 NA 24 NA 72 p p 8 2 63 15
15 267874 1215 30 1185 P p 6 é 74 S
16 265673 1140 65 1075 160 p P 28 71 142 pc:1018
17 616057 NA 160 . NA 265 c P 6 2 20 36
18 488080 1105 35 1070 82 p p NA NA
19 488081 1110 40 1070 87 p p NA NA
20 327905 1185 19 1166 85 [ p 19 24 61 449 pc:1106
21 25014} 1215 40 1175 70 [ p ' NA NA
22 505267 1195 34 1161 - 305 P P 52 6 46 407
23 459294 1065 NA NA 85 u u NA NA
24 459292 1065 -5 1070 52 | u u 15 2 15 120
25 205530 1165 15 1150 36 ) p 15 1 0.01 90000
26 320960 NA 26 NA 100 p P NA
27 181401 NA 10 NA 49 p p 15 3 30 30
28 207533 1205 25 1180 70 [ p 8 i 30 16
29 38737 1155 21 1134 106 p [ 15 1 57 16 pc:1101
30 279619 1140 33 1107 76 u u 15 1 50 18
31 209589 1145 30 1115 97 P p 15 4 20 180
32 209573 1145 30 1115 100 p p 15 4 0.01 360000
33 209563 1150 30 1120 80 P p 12 4 10 268
34 209571 1150 20 1130 85 p p 15 4 15 240
35 - 287531 1165 40 1125 80 p p 5 2 10 60
36 209567 1160 36 1124 80 P p 14 4 14 240 pc:1082
37 20960] 1150 35 1115 85 p P 14 4 0.01 336000
38 209588 1145 15 1130 87 p p 20 4 0.01 480000
39 320511 1130 20 1110 - 88 u u 28 1 30
40 - 345354 1135 20 1115 80 16 2 10 192
41 621090 995 63 932 162 g E 10 0.5 99 3 bd:858
42 529531 935 61 934 150 b ¢ 30 2 6 600 cb:877
43 523186 995 49 946 126 b b 12 24 21 823 bd:870
44 597365 . 985 20 %5 116 u u 15 2 20 90
45 214458 1225 . 80 1145 140 p P 20 2 20 120
46 209583 1215 - 50 1165 115 [ p 7.5 4 10 180
47 209585 1205 5 1155 115 [ p 7.5 4 50 36
48 194684 1190 .45 1145 90 p p 6 1 0.01 36000
49 241150 1190 48 1142 3% - p P 15 1 15 60
50 209586 1205 65 1140 " 110 p p 15 4 0.01 360000
51 209572 1205 55 1150 105 p p 10 4 69
52 263542 1185 45 1140 96 P p 15 4 20 180
53 508390 1225 72 1153 128 p p 15 1 12 75
54 613422 1215 40 1175 121 P P 25 2 81 37 pec:1095
55 479899 1190 42 1148 96 P p - NA NA

NA:NOT AVAILARLE P:POTTSVIIIF Fm R:BFRFA Fm 11:UNCONSO! IDATED DFPNSTTS D:DEVONTAN ROCKS



